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Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81 A73Methods: Genomic DNA was isolated from human macroscopically pre-
served (N¼11) and OA (N¼12) knee articular cartilage. After bisulphite
treatment, DNA was proﬁled using the Illumina Inﬁnium Human-
Methylation450 beadchip. For transcriptomic analysis, RNA isolated from
normal (N¼8) and OA (N¼10) knee articular cartilage was sequenced
using the Illumina HiSeq 2000 platform. In both cases, normalized data
was analyzed using a custom-made R bioconductor package. For in vitro
experiments, primary chondrocytes isolated from donors with normal
(N¼5) cartilage, and TC28 immortalized chondrocytes were used. Cells
were cultured inmonolayer until conﬂuence, treatedwith different doses
of the DNA methylation inhibitor 5-Aza-2-deoxycytidine (5’Aza) or
vehicle, and gene expression was assessed by qPCR.
Results: DNA methylation proﬁling revealed 3259 differentially methy-
lated sites (DMS) between normal and OA cartilage (p<0.05, FDR0.15)
that comprised a total of 1269 genes. Compared with all the CpG sites
included in the array, DMSwere signiﬁcantly enriched in gene bodies and
enhancer regions of the genome, and depleted in CpG islands and pro-
moter regions. Integrative analysis with RNAseq data showed that only
127 out of 1269 genes were also differentially transcribed in OA cartilage.
To assess the functional consequences of the different methylation
landscapes, we identiﬁed 73 genes that showed an inverse correlation
between methylation and gene expression. Interestingly, this group of
genes included a subset of 10 transcription factors that were signiﬁcantly
hypermethylated and downregulated in OA cartilage (ATOH8, FOXO3,
KLF15, MAFF, NCOR2, NFATC1, RARA, TBX4, ZBTB16 and ZHX2). In vitro
experiments in TC28 cells treated with 5’Aza showed a signiﬁcant pos-
itive correlation between 5’Aza concentration and gene expression for
ATOH8, FOXO3, KLF15, MAFF, NCOR2, RARA, TBX4 and ZBTB16. However,
in primary chondrocytes only FOXO3 and TBX4 showed a signiﬁcant
increase in gene expression upon 5’Aza treatment.
Conclusions: The present results reveal a striking correlation between a
relatively large number of transcription factors that were hyper-
methylated and downregulated in OA cartilage. These ﬁndings suggest
that methylation-related changes of several important transcription
factors represent an important mechanism that may explain changes in
chondrocyte transcriptome and function in OA.
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Purpose: Although the progression of osteoarthritis (OA) is generally
currently unpredictable, altered biomechanical and biochemical prop-
erties of the joint organ facilitate progression of disease. It is widely
accepted that the molecular homeostasis of the joint depends on both
the structural integrity of articular cartilage and the appropriate bio-
mechanical stresses. A detailed examination of molecular changes in
cartilage is of pivotal importance for choosing molecules that could
potentially be targeted to achieve a therapeutic beneﬁt. However,
results of molecular analyses of advancedmedial compartment knee OA
tissue may not only represent direct effects of disease, but also site-
related effects driven by altered mechanical loading. To overcome these
obstacles, we have pursued a two-pronged approach. First cartilage
gene expression changes relative to a gradient of histological OA
severity across the tibial plateau in knees with medial compartment
dominant disease (MOA) (Figure panel A) were proﬁled to identify
disease relevant and potential OA progression related genes. Second,
cartilage gene expression changes relative to a gradient of histological
OA severity across the tibial plateau in knees with lateral compartment
dominant disease (LOA) were used to validate this OA progression
model system (Figure panel B). Because load plays less of a role in
development of LOA than MOA, we hypothesized that the identiﬁcation
of the severity associated genes expressed in common between medial
and lateral compartment dominant disease may more readily identify
genes related to biological factors directly associated with OA pro-
gression that are independent of load.
Methods: We evaluated histological and transcriptomic changes of
regions of interest across the tibial plateau encompassing a wide range
of disease severities (Figure A-D). Gene expression of knee cartilage was
comprehensively assessed for three regions of interest across the tibialplateau from human medial dominant OA (n¼10) and non-OA (n¼6)
specimens. Histology and gene expression were compared for the
regions with minimal degeneration, moderate degeneration and sig-
niﬁcant degeneration. Agilent whole-genome microarray was per-
formed and data were analyzed using Agilent GeneSpring GX11.5.
Signiﬁcant differentially regulated genes were further investigated by
Ingenuity Pathway Analysis (IPA) to identify functional categories. To
conﬁrm their associationwith disease severity as opposed to site within
the knee, 30 differentially expressed genes, identiﬁed by microarray,
were analyzed by quantitative reverse-transcription polymerase chain
reaction on additional medial (n¼16) and lateral (n¼10) compartment
dominant knee OA samples.
Results: A total of 767 genes were differentially expressed >two-fold (P
0.05) in lesion compared to relatively intact regions. Analysis of these
data by IPA predicted biological functions related to an imbalance of
anabolism and catabolism of cartilage matrix components. Up-regu-
lated expression of IL11, POSTN, TNFAIP6, and down-regulated expres-
sion of CHRDL2, MATN4, SPOCK3, VIT, PDE3B were signiﬁcantly
associated with OA progression and validated in both medial and lateral
compartment dominant OA samples (Figure E).
Conclusions: A comparison between MOA and LOA gene expression
was applied in our study to characterize differentially expressed genes
that may represent genes directly involved with OA disease progression
as opposed to site-related effects driven by altered mechanical loading.
Our study provides a strategy for identifying targets whose mod-
iﬁcation may have the potential to ameliorate pathological alternations
and progression of disease in cartilage and to serve as biomarkers for
identifying individuals susceptible to progression.
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RISK PREDICTION USING EPIGENETIC PROFILES IN BLOOD OF
OSTEOARTHRITIS PATIENTS
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N. Bomer, H. Kroon, M. Kloppenburg, P. Slagboom, I. Meulenbelt. Leiden
Univ. Med. Ctr., Leiden, Netherlands
Purpose: Previous studies have highlighted the urgent need for bio-
markers to predict OA progression in the clinic, preferably with an AUC
Table
Ultrasound grey-scale synovitis as predictor for radiographic progression after ﬁve
years.
Baseline ultrasound Radiographic
progression, n (%)*
Crude OR
(95% CI)
Adjusted OR
(95% CI)y
Grey-scale synovitis Kellgren-Lawrence grade
Grade 0 (n¼1715) 246 (14.3) 1.0 1.0
Grade 1 (n¼185) 59 (31.9) 2.7 (1.84.0) 2.4 (1.6-3.7)
Grade 2 (n¼111) 42 (37.8) 3.5 (2.35.4) 3.2 (2.1-5.1)
Grade 3 (n¼22) 15 (68.2) 11.4 (5.722.6) 14.2 (6.2-32.7)
Osteophytes
Grade 0 (n¼1804) 154 (8.5) 1.0 1.0
Grade 1 (n¼198) 39 (19.7) 2.5 (1.73.8) 2.1 (1.3-3.4)
Grade 2 (n¼121) 44 (36.4) 5.9 (3.89.1) 4.4 (2.7-7.3)
Grade 3 (n¼25) 14 (56.0) 13.4 (7.125.1) 8.0 (3.4-18.5)
Joint space narrowing
Grade 0 (n¼1732) 155 (8.9) 1.0 1.0
Grade 1 (n¼186) 51 (27.4) 3.7 (2.35.9) 2.0 (1.2-3.4)
Grade 2 (n¼114) 31 (27.2) 3.7 (2.55.3) 2.3 (1.5-3.6)
Grade 3 (n¼22) 12 (54.5) 11.0 (4.626.4) 12.2 (4.7-32.2)
Erosions
Grade 0 (n¼1704) 47 (2.8) 1.0 1.0
Grade 1 (n¼180) 18 (10.0) 3.7 (1.96.9) 1.8 (0.9-3.9)z
Grade 2 (n¼106) 19 (17.9) 6.8 (3.314.1) 3.8 (1.6-9.1)
Grade 3 (n¼17) 6 (35.3) 16.1 (6.440.9) 8.0 (2.5-26.0)
Generalized Estimating Equations presented as odds ratios (OR) for radiographic
progressionwith separate models for each radiographic feature, p0.01 if not stated
otherwise. CI¼conﬁdence interval. *Number and percentage progressive joints
among those with different grades of GS synovitis. yAdjusted for age, sex, body mass
index, follow-up time, Kellgren-Lawrence grade and other radiographic erosive
joints at baseline. zp¼0.11.
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the epigenetically differentially regulated gene networks in peripheral
blood mononuclear cells (PBMCs) of OA patients of the GARP study, in
particular to predict risk for OA progression within 2 years.
Methods: Genome wide DNA methylation was measured in PBMCs of
148 female participants of the GARP study using Illumina Inﬁnium
HumanMethylation450 BeadChip arrays. The GARP study consists of
patients with generalized OA with a familial background. Following
quality control of the data and elimination of CpG-probes containing
known single nucleotide polymorphisms (SNPs) or mapped ambigu-
ously, linear regression analysis was performed in R statistical pro-
gramming language to identify CpGs that associate with OA progression
as deﬁned by increased joint space narrowing and osteophytosis at
hand, hip, and knee joints while correcting for technical covariates as
well as for age and BMI. P-values reported were corrected for multiple
testing by the Benjamini-Hochberg method. Gene enrichment analyses
(DAVID) was performed for biological processes with signiﬁcant CpG-
probes that were annotated to genes expressed in PBMCs, and protein
networks were analyzed with Search Tool for the Retrieval of Inter-
acting Genes/Proteins (STRING).
Results: We identiﬁed 908 CpGs that signiﬁcantly associated with OA
progression in 2 years (lowest p¼6.2x10-9), of which 2 were also sig-
niﬁcantly associated with OA progression over 5 years. Of the 908 sig-
niﬁcant CpGs, 227 were annotated to 201 unique genes expressed in
blood. Pathway analysis showed signiﬁcant enrichment of genes
involved in GO-term 0000904: cell morphogenesis involved in differ-
entiation (p¼4.4x10-2) and borderline signiﬁcance for genes involved
in GO-term 0031175: neuron projection development (p¼6.8x10-2).
Among the genes to which the top CpGs were annotated we observed
OA relevant genes such as NOTCH1. In addition, the network of protein-
protein interactions among identiﬁed genes was signiﬁcantly enriched
as determined with STRING (p¼2.2x10-3). Baseline receiver operating
characteristic (ROC) analysis using age and BMI did not result in sig-
niﬁcant discriminative capacity (area under the curve AUC¼57%).
However, including methylation status of 4 of the most signiﬁcant CpGs
associatedwith OA progression in 2 years, resulted in a 20% increase to a
clinical relevant AUC of 76%.
Conclusions: In the current study, we showed that OA progression over a
2-year period inwomencanbemarkedbyepigenetic changes in the easily
accessible tissue blood as reﬂected by methylation of CpG sites at OA
relevant genes. Furthermore, we are the ﬁrst to show that, by using the
readilyaccessiblemethylation status of only4 CpGsites, a clinical relevant
prediction of OA progression can be established with a ROC of 76%. Our
results, therefore, show that the epigenetic landscape in blood of OA
patients can provide a powerful tool for prognoses of OA. Conﬁrmation in
an independent study is important given these promising results.
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ULTRASOUND-DETECTED INFLAMMATION PREDICTS RADIOGRAPHIC
PROGRESSION IN HAND OSTEOARTHRITIS AFTER FIVE YEARS
A. Mathiessen, H.B. Hammer, B. Slatkowsky-Christensen, T.K. Kvien,
I.K. Haugen. Diakonhjemmet Hosp., Oslo, Norway
Purpose: Modern imaging techniques such as magnetic resonance
imaging and ultrasound demonstrate high prevalence of synovitis in
painful hand OA joints. Some studies on knee OA suggest that the pres-
ence of synovitis may be a surrogatemarker of OA severity and associated
with increased risk of disease progression. A similar predictive correla-
tion is less clear for hand OA due to few longitudinal studies.
The aim of our study was to examine whether ultrasound inﬂamma-
tion including grey scale (GS) synovitis and power Doppler (PD)
activity can predict radiographic progression after 5 years in patients
with hand OA.
Methods: We included 78 participants (71 women, mean (standard
deviation, SD) age 67.8 (5.2) years) from the Oslo hand OA cohort with
US examination at baseline and conventional radiographs taken at
baseline and at 5-years follow-up. GS synovitis and PD signals were
examined in 30 ﬁnger joints (the ﬁrst carpometacarpal joint, the 1st-5th
metacarpal joints, the 1st-5th proximal and 2nd-5th distal inter-
phalangeal joints bilaterally) by US on a semi-quantitative 0-3 scale. In
the same joints, radiographic progression was deﬁned as an increase in
global OA according to the Kellgren-Lawrence (KL) scale, or progression
of individual OA features according to the Osteoarthritis Research
Society International (OARSI) atlas. For each radiographic deﬁnition we
examined whether baseline US features predicted radiographicprogression using Generalized Estimating Equations, adjusted for age,
sex, body mass index, follow-up time and KL grade.
Results:Mean (SD) follow-up timewas4.7 (0.4) years. GS synovitis andPD
signalswere present in 28.7 and 4.6% of OA joints at baseline, respectively.
Radiographic progression in joints was found in 20.1% for KL, 12.1% for
joint space narrowing (JSN) and 11.7% for osteophytes. Ultrasound-
detected GS synovitis and PD signals were signiﬁcant and dose-depend-
ent predictors for KL progression (OR¼3.1 (95% CI 2.1-4.4) and OR¼4.1
(95% CI 2.1-8.0), respectively). GS synovitis and PD activity also predicted
progression of all measures of individual radiographic features, of which
strongest association was seen for osteophyte progression (OR¼2.9 (95%
CI 2.1-4.0) and OR¼5.1 (95% CI 2.8-9.5), respectively).
The predictive value of baseline inﬂammation on radiographic pro-
gression is exempliﬁed with GS synovitis in the table, as well as in the
picture showing radiographic progression in an inﬂamed inter-
phalangeal joint after ﬁve years.
Conclusions: Our study is the ﬁrst to demonstrate that even small
amounts of inﬂammation seen by ultrasound signiﬁcantly increase the
risk of future radiographic progression in the same ﬁnger joint. GS
synovitis and PD activity were signiﬁcantly associated with increased
KL grade, JSN, osteophyte score and erosive evolution after 5 years. This
study supports the use of US as a tool to detect hand OA patients who
are likely to progress.
